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BACKGROUND nir THFJNmmpN 
lm Field of f hp Tnv^tf ftn 

The present invention relates „ a circu „ [opo[ogy for ^ ^ 

circuits having low loss at radio frequencies. 
2 - Description „f the R^,^ A fl 

Known anenuator circoits are designed using T" or „■ r e S i stiv e network 
« or configure The T resistive network config^ion includes mo variab|e ^ 

network configuration inCodes two variaoie shun, events and a variabie ser.es e,e m e„, 
connected between * two shunt e|emenB ,„ ^ ^ rf ^ ^ ^ 

contro, signa, is connected ,„ tbe sbun, eie m e„ t(s) ^ . ^ con|ro| s|g „ a| , „ ^ ^ 
series e,e m en,( s) . WhUe , he shun, e,etne„, (s) contro, ,be n.Joritv „ f altenuation m ^ 
a,,enua,ors, ,he series elements) co„, ro | ,he impednnce of ,he circui,. 

For extunpie. Fig. 1 shows a prior « a „ enuaIor 100 havjng , „ r 
network configurnfion wi, h v a riab,e series resis.ors Rl • a „d B - - . v.* shu „, resis,„r *■ 

res,s,ance vaiue. A „e„ ua , io „ is inilialed by ^ fc ^ ^ ^ ^ ^ ^ 
contro, s,g„ a , CTRL2' and increasing tbe vartabie series rests.ors Rl ' a nd R3' vi a . eon.ro, signa, 
CTRLr. v ana b,e series recces Rr and R3' ensure ,„ at , he altenuator matches ^ 
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impedance of the circuits ejected ,o the input and the output while variable S hu„, reside R2' 
ensures proper attenuation. 

In digital attenuators, only the ft.II ON and full OFF states of the variable elements 
are used. ,n these digital circuits, the variable shun, and series elements typieally eomprise FETs. 
The width of the gate for the series FETs is chosen ,„ be wide enough ,„ achieve a low inserrion 
at the minimum ahenuation level. However, mis increased widm causes an increase in the 
parasitic capacitance of the device, which causes an impedance mismatch at re,a,ive, y high 
frequencies such as radio frequencies. 
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SUMMARY OF THE fNVFNmniy 

An object of the present invention is to provide a circuit for attenuation of radio 
frequency signa.s that does not introduce parasitic capacitance that limits the dynamic range 
and that has a low insertion loss. 

According ,„ an embodiment of the present invention, an attennator includes 

not incU.de variable series elenrent, ,n SIea d, series transmission lines are connected with the 
variabie shunt elements. The itnpedances of the variabie shun, elements and series 
—ion Hues ate designed so ,ha, the impedance of the attenuator at the input and output 
•erminais is tnaintained a. a nomina, .eve, for a., levels of attenuation. According t0 lhe 
present invention, the Emission line is an inductive transmission line that is coup,* with 
*e capacitance of the -variable shun, elements ,„ produce the desired impedance. 

Accordmg ,„ a mrther embodiment of the present invention, each of the variabie 
series elements of a hnown attenuator topology such as the "Pi" „ r "T" resistive network 
-opologies is replaced by a variable shun, element and a series Emission line. As in ,he 
embodiment described above, the impedances of ,he variable shunt elements and series 
«tansm,ssio„ lines are designed so ma, ,he nominal impedance of me a„e„ua,o, is mainlined 
for all attenuation levels. 

The variable shun, elements may comprise Field Effect Transistors (FETs), 
"■N-diodes, and/or Bipolar Junction Transistors (BJTs). FETs operable a, radio fre q ue„cies 
include me,a, semiconductor FETs (MESFETs), high electron mobility transistors (HEMTs,, 
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and pseudo-morphic HEMTs foHEMTO ritc „ 

IptifcMls). BJTs operable at radio frequencies include 

Heterojunction Bipolar Transistors. 

The inventive attenuator circuit may be used in digital attenuation circuits, 
variable attenuator circuits and switches. 

Other objects and features of the present invention will become apparent from 
the following detailed description considered in conjunction with the accompanying drawings 
^ is to be understood, however, that the drawings are des.gned solely for purposes of 

made to the appended claims. 
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BRIEF DESCRIPTION OF THF l».wn,« 

In the drawings, wherein like reference characters denote similar element 
throughout the several views: 

Fig. 1 is a schematic diagram of a prior art attenuator circuit; 
Fig. 2 is a schematic diagram of an attenuator circuit according to an 
embodiment of the present invention; 

Fig. 3 is a practical implementation of the circuit of Fig. 2; 
Figs. 4A and 4B are schematic diagrams of attenuator circuits having more and 
less attenuation than the attenuation circuit of Fig. 3; 

Fig. 5 is a schematic diagram of a three-bit digital attenuator according to an 
embodiment of the present invention; 

Fig. 6 is a schematic diagram of a non-reflective switch circuit according to an 
embodiment of the present invention; and 

Figs. 7A and 7B are schematic diagrams of non-reflective switch circuits 
respectively showing a single pole single throw switch and a single pole triple throw switch. 
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A low-loss att e„ua,„r circuit 200 according ,„ ^ ^ fc ^ 

Fig. 2. The circuit 200 induces firs, and secoud Emission fines TL1, TL2 connected in 
series between an input terminal IN a „ d a „ ^ ^ ^ ^ ^ ^ ^ 

iucludes three variable shun, elements Rl, R2, R3 „ grou „ d The ^ ^ 

shun, element Rl is connected between ,he input terminal IN and fc fet ^ 
TLI. the second variable shun, elemcn, R2 is connected between ,he firs, and second 
transmission fines TLI, TL2, and me third variable shun, element R3 is connected between the 
second emission line TL2 and the output .ermina, OUT. The impedance of each of me 
mree shun, elements R1 , R2, R3 is colurolled by , si „ g|e ^ ^ ^ 

To attain minimum attenuation, each of me three shun, elements Rl, R2, R3 is 
a, a high resistance. Attenuation of an input signal is achieved by adjusting the con.ro, signal 
CTRL, to lower the resis,ance of me second variable elemen, R2 and .hereby shun, the input 

simufianeously lowered by the adjustmen, of ,he co„,r„, voltage CTRL I. However, me 
inrpedances of ,he .^mission lines TL, and TL2 wi,h the firs, and third variable shun, 
elements Rl, R3 are designed so that the impedances of the circui, 200 at the input terminal IN 
and the ou.pu, .ermina, OUT are maintained within an operable range for a„ attenuation levels 

of the circui, 200. Thus, the unpedance of circui, 200 a, the inpu, ,ermi„a, ,N is always w 

■he operable range for the circui, connected ,„ the input Iermmal IN and lhe impeda „ ce „ f 
circui, 200 a, ,he output ,e rmin a, OUT is within the operable range for the circuit conneced ,o 
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to the accept return l0SS for a par tlCula r appHcatio, The return loss is a m easure of the 
dtsstmilarity between two impedances and is expressed by the following formula: 
Return Loss = -201og |(ZL-Z0)/(ZL+Z0)|, 

where, 

ZL is the actual impedance of the circuit; 

ZO is the nominal impedance level of the circuit. 

» matching „ t0 « fc ^ ^ ^ ^ ^ ^ ^ ^ ^ 
■tnpedance mate, P or typical applica(io „ s , , ^ ^ ^ ^ ^ ^ . ^ 

The three variable eiemenrs in circuit m correspon( , ^ ^ ^ ^ 

shnn, e,e m e„ t R1 and Hrs, S crie S transmission „„e TL1 instead „ f ,„ e smes variab|e ^ 
»!• and incudes third variaoie shun, Cement R3 and second ser.es Emission Cement TL2 

instead of the variable series elemem rv a. a- , 

eiement R3 . Accordmgly, all of the variable elements of circuit 

200 are shunt elements. 

Fig- 3 is a schematic diagram „f . circuit m ^ h > prac fa| 

implementation of the circuit of Fie 2 Cimut inn ■ . , 

"g. 2. C.rcuit 300 includes variable shunt elements 301, 302, 

303 respectively comprising transistors Tl T2 T3 conn,r..H • 

' 1J conn ected in series with resistors Rll, 

R12, R13. A gate of each transistor Tl Tl ri -,o 

11, T2, 13 is respectively connected to the control 

voltage CTRL 1 via gate resistors Rg 11 Rg 12 Ran Th. , 

g Kgiz, Kgl3. The transistors Tl, T2, T3 by way of 
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example are depicted as Field Effect Transistors (FETs). Types of FETs whieh may be used a. 
radio frequencies include metal semiconductor field effect transistors (MESFETs), high 
electron mobility rransistors (HEMTs), and pseudo morphic HEMTs (pHEMTs). As an 
alternative, the rransistors Tl, T2. T3 may comprise bipolar junction transistors such as 
heterojunction bipolar transistors (HBTs) or PIN-<lic<les instead of FETs. The transmission 
lines TL., TL2 comprise inductive reactances and may, for example, comprise deposired thin 
film metal lines. Each transmission line may comprise either a single thin film metal line or a 
plurality of thin film metal lines to achieve the desired impedance. 

Like the variable shunt elements Rl, R2, R 3 j„ the circuit 200 of Rg 2 ^ 
transistor Tl, T2, T3 in Fig. 3 is controlled via a control signal CTRL.. In ,he preferred 
embodiment, the control signal CTRL, is a control voltage. Alternatively, circuit 300 may be 
arranged so that the variable shunt elements 301, 302, 303 are controlled via a control current. 
The type of control signal (voltage or current) is in any event a matter of design choice. 

In Fig. 3, the gates of the transistors Tl, T2, T3 are connected to the control 
signal CTRL! to selectively attenuate the input signal. Control signal CTRL1 may comprise a 
continuously variable voltage control or the circuit 2O0 may also be controlled as a digital 
attenuator in which the transistors Tl, T2. T3 are selectively controlled in either an ON state 
or an OFF state by the control signal CTRL.. When the transistor T2 is in an ON state, the 
input signal received a, the input terminal .NPUT is shunted to ground and the input signal is 
attenuated. At the same time, transistors T, and T3 are also controlled via the control signal 
CTRLI and are designed so that the impedance a, the input IN and the output OUT remain 
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within their respective operable ranges for all attenuation levels. This impedance matching is 
accomplished by properly designing the impedances of the transmission lines TL1, TL2 and 
the transistors Tf, T3 so that the resulting impedances at the input terminal and the output 
terminal remain within their respective operable ranges at all attenuation levels. 

The inventive circuit topology may be used in attenuator cells that provide more 
or less attenuation than that of the attenuation circuit 300 of Fig. 3. For example. Fig. 4A 
shows an attenuator circuit 400A providing less attenuation and Fig. 4B shows an attenuator 
circuit 400B providing more attenuation than the circuit 300. 

The attenuation circuits 300, 400A, and 400B exhibit an Amplitude Modulation 
(AM)/AM conversion characteristic that is opposite to the AM/AM conversion characteristic of 
power amplifiers. Accordingly, these circuits may be used as a predistorter connected in series 
with a power amplifier to correct the detrimental AM/AM conversion characteristics of the 
amplifier. More specifically, the power amplifier typically has a nonlinear characteristic 
referred to as gain compression in which a desired amplitude change of lOdB exhibits itself as 
only a 9dB change at a high input signal. The AM/ AM conversion characteristic of the 
attenuation circuits 300, 400A, and 400B has been found to exhibit a gain expansion 
characteristic in which the gain in dB increases at high input signal levels. By appropriate 
design, the gam expansion characteristic of the attenuation circuit cancels the gain compression 
characteristic of the amplifier. Since the non-linearity of the amplifier may be corrected, a 
cheaper amplifier may be used with the attenuation circuit tnstead of a more expensive linear 
amplifier. Furthermore, the attenuation circuit of the present invention corrects the linearity of 
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the ampHfier output, mereby allowjng a „ ^ fa ^ ^ ^ ^ ^ ^ 

an amplifier. 

The attenuation circuit 300 of Fig. 3 may be implemented as a portion of a 
larger attenuation circuit such as the three-bit digital attenuator 500 shown fa Fig. 5. The 
three-bit digital attenuator 500 inchtdes three attenuation circuits 50., 502, 503 connected in 
series. I„ the present exampie, the fi rst circuit 501 is a 20 dB attenuator, the second circuit 
502 is a 10 dB attenuator, and the third circuit 503 is a 5 dB attenuator. Each attenuator 
circuit is se,ec.ive,y turned on and off to achieve composite attenuations by the attenuator 500 
of 0, 5, 10, ,5, 20. 25, 30, and 35 dB. For exampie, if the second and third attenuator 
circuits 502, 503 are in the attenuating state and the first attenuator circuit 501 is in the non- 
attenuating state then an attenuation of ,5dB reaults, and if me first and third attenuating 
circuits 501, 503 are in the attenuating state and the second attenuator circuit 502 is in the non- 
attenuating state then an attenuation of 25dB results. 

The three-bi, digital attenuator 500 may also be used as a voltage variable 
attenuator if the contro, signals CTRL,, CTRL2, and CTRL3 are continuously controlled, 
•hereby provtding any attenuation value between the m i„ imum and maximum attenua[ion 
values, in one embodiment, each of the control signals CTRL! , CTRL2, and CTRL3 are tied 
together so that the entire circuit is controlled by one contro, signal. ,„ another embodiment, 
■he attenuator circuits 501, 502, and 503 are controlled sequential,,. Using the above 

example, in which the firsi circuit 501 icu ?n hd i» 

urcu.t is a 20 dB attenuator, the second circuit 502 is a 10 dB 

attenuator, and the third circuit 503 is a 5 dB aftennst™ 

jvo is a j ud attenuator, the sequential control of the three-bit 
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*** a„e„u a ,or may be performed as ^ fl) ^ ^ ^ ^ . ^ ^ ^ 
reach the required adenuadon, (2) if ,he required a tt e„ua«i„„ „ more ^ , fc ^ 
at.enua.ion circui, 503 is co„,ro„ed ro i«s maxi mUm serUng and ,he second circui, 502 is 
connoded ,„ reach ,he required adenuadon, and (3) if dte required adenuadon is m0 re than 
1*B. *e .hird and second adenuafion circuit are se, ,o .naximum attenuation a „ d ^ ^ 
circui, is adjusted ,o rae e, ,he required adenuadon. Therefore, if UdB adenuadon is required, 
-he .hird adenuadon circui, 503 is se, ,„ 5dB, ,he second auenuation circui, 502 is se, ,„ 6dB, 

and the first attenuation circuit 501 is set to OrtR Tf i chd « • . 

set to OdB. If !8dB attenuation is required, the third and 

second attenuation circuits 503 502 are mnfmiM ^ 

' 3re controlled to maximum attenuation of 5dB and lOdB 

respectively, and the first circuit is controlled to 3dB. 

The inventive circuit may also be used in a switch circuit such as the non- 

reflective switch circuit 600 of Fia f, „ . 

Fig. 6. The swuch circuit 600 includes an input lermina | IN 

between ,he input ter.n.na, ,N and ,he firs, output ,e rminal 0UT1 and . second ^ ^ 
602 is connected be,wee„ ,he input termina, and the sec0 „ d ou(pm (ermina| ^ ^ ^ 
swi,ch cireui, 60, inciudes ,wo transmission H„e S TL1, TL2 connected he,wee„ the inpu, 
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«H is a mirror image of me fim switc „ drcui( W1 jnc|udes transmis ^ 
TL4 and variable shunt elements 613, 614. 

When the switch circuit 600 is intended to swirch the RF-sig„ al a, the inpu, 
,N t „ ,he firs, output rermina, OUT,, me variahie shun, element 611, 612 of the firs, 

signal CTRL2 to a low resistance state. In ,hi s operating state , the impedance of the variable 
shun, element 6,3 a, the contact node between the transmission Hues TL3 and TL4 is Cose to 
-o. The transmission ,i„e TL3 introduces an impedance in paraHe, with the firs, switch 

reflective iosscs. When ,he signa, is ,„ be switched t0 the sec0 „ d ^ ^ ^ ^ 
con,ro, sig„a, s CTRL, and CTRL2 are co„,r„„ed ,„ me opposite s,a,es. 

The circuit topologv of me uou-refiecive swi,ch circui, 600 may also be used 
for a single pole single rhrow switch which has only one switch circui, (see Fig. 7A, and a 
*.ng,e pole triple ,hr„w switch which has three S wi,eh circuits (see Fig . 7B , Tne sing|e p0 , e 

circuit 603 arranged between the input terminal FN anH * *u -a 

pui terminal IN and a third output terminal OUT3. The 

third switch circuit 603 includes variable shunt elements 61 S «i« a 

uiu elements 615, 616 and transmission lines TL5 
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and TL6. The variaMe shun, e,eme„ ts 615, 6,6 are controlled „y , Mri con(ro , ^ 
CTRL3. 

The single pole single throw circuit of Fig. 7A may optionally include a third 
shun, circuit 6,3 for helping mai „ tain the iraprtance „ ^ ^ ^ ^ ^ 

range. Since the switch circuit 60, in Fig. 7A is no, connected in parallel with other circuits, 
-he impedance of the transmission lines TL2 may no, be adequate for ^ 
impedance of the circuit within the operahle range. ,„ the switch circuits of Figs. 6 and 7B, 
mere is always one switch circuit tha, is in the „o,a,tennatm g state. This he,p s maintain the 
impedance at the input within the operahle range. 

Thus, while there have shown and described and pointed on, ftmdamental novel 
features of the invention as applied ,„ purred embodiments thereof, i t will be nnderstood tha, 
various omissions and substitutions and changes in the form and details of the devices 
iMustrated, and in their operation, may be made by those s ki „ed in the ar, without departing 
from the spirit of the invention. For example, i, is expressly intended tha, a„ combinations of 
■hose e,eme„,s which perform subs,a„,ia„y ,he same hanction ,„ substantia!^ the same way to 
achieve the same results ate within the scop e of the invention. Moreover, i, should be 
-cognized that structures and/or elements shown and/or described in connection with any 
disclosed form or embodiment of the invention may he incorporated in any other disclosed or 
described or suggested form or embodiment as a genera, matter of design choice. „ is the 
intention, therefore, to be limited only as indtcated by the scope of the Cairns appended hereto. 
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What is claimed is; 



A circuit for attenuating radio frequency signals, comprising: 
an input terminal; 



an output terminal; and 

a first attenuation circuit connected between said input terminal and said output 
5 terminal, said first attenuation circuit comprising: 

a first transmission line connected serially between said input terminal and said 

7 output terminal and having a first transmission line impedance; 

8 a first variable shunt element having one leg connected at a point between said 

9 first transmission line and said input terminal, said first variable shunt element having a 

10 variable impedance; 

1 1 a second variable shunt elemen, having one leg connected at a point between 
' 2 said first transmission line and sa.d output terminal, said second variable shunt e.ement having 

13 a variable impedance; and 

14 a control signal terminal connected to each of said first and seeond variable 
> 5 shun, elements so tha, an attenuation level of said firs, a„enua,io„ oircui, is controllable by a 
'6 control signal ,„pu, ,„ said con.ro, signal .erminal, said firs, Emission impedance and said 
1 7 variable impedances of said firs, and second variable shun, elements being selected so .ha, an 
'8 Impedance level a, said input .ermina, is within an operable range for aH attenuation levels of 
19 said first attenuation circuit. 
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2- The circuit of claim 1, wherein said transmission line comprises an 
inductive transmission line and satd variable .mpedances of satd first and second vartable shunt 
3 elements includes a capacitance. 

3. The circuit of claim 1 , wherein each of said first and second variable 
2 shunt elements comprises a transistor. 

4. The circuit of Cairn 3, wherein a, least one of said firs, and second 
2 variable shun, elements comprises a plurality of transistors connected in series. 

5. The circuit of claim ., mrther comprising a second attenuation circuit 

2 eonnected in series with said firs, a„e„ua,i„„ cireui, between said input terminal and said 

3 output terminal, said second attenuation circuit comprising: 
a second , r a„ smission line having , secon(J ^ ^ 

5 connected serially between said firs, a„e„ua,ion cireui, and said output terminal; 

a third variable shunt element having a leg eonnected at a point between said 
1 firs, attention circuit and said second transmission line, said ,hird variable shun, element 
8 having a variable impedance; 

a fourth variable shun, elemen, having a leg connected a, a point between said 
•0 second .emission line and said outpu, rerminal, said fourth variable shun, elemen, having a 
1 1 variable impedance; and 
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a second control signal ,er mi „al connected ,o said third and fourth variable shunt 
" elements S uch that a leve, of altenuation of said second attenuation circuit „ controlled by a 
14 control signal input to said second control signal terminal. 

6. The circuit of claim 5, wherein said control signal input t0 said second 
2 control signal terminal of said second attenuation circuit is separate from said con.ro, signal 



■> input to said control signal terminal of said first attenuation 



circuit. 



The circuit of claim 5, wherein said control signal input ,„ said second 

2 control s ig„ al termir , al of said ^ ^ . fc ^ ^ ^ ^ ^ ^ 

3 to said control signal terminal of said first attenuation circuit. 

«• The circuit of claim 5, whetein said firs, and second transmission 

2 impeoances and sai d impedances of said first, second, third, and fourth variable shu „, ^ 

3 are selected so that the impedance level at said input ,erm,„ a , of said circui , remains m 

4 operable range for each attenuation level of suit, firs, and second a „enu a ,io„ circuits. 

9- The circui, of claim 5, wherein each of s aid firs,, se c„„ d . third , and 
2 fourlh variable shun, elements comprises a transistor. 

10. The circui. of claim 5, wherein an a „en„ a ,i„„ factor of said firsl 
2 a„e„ua,i„„ circui, is different than an attenuation f a «or of said second attenuation citcui, 
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11. The circuit of claim 6, wherein said first and second Emission 

2 impedances and said impedances of said firs,, second, fiord, and fourth variabie shun, elemenrs 

3 are selected so that the impedance level of each of said first and second attenuation circuit is 

4 in the operahle range for all attenuation levels of said firs, and second attention circuit, 



12. The circui, of claim 1, wherein an a„e„na,io„ level of said first 

2 a„enua,i„„ ctrcui, is conttofied bv omy said control signal input t0 said contto! signal terminal 

3 connected to said first and second shunt elements. 



1 

2 



■3. The circuit of claim 1, ftnther comprising at leas, one additional circui, 
por,i„„ connected between said second variable shun, element and said output terminal, each of 
3 said a, leas, one additional circui, portion comprising an additional Tansnfission line connected 
in series with said first transmission line and an addttiona, shunt element having a leg 
connected a, a point between said additional transmission line and said output terminal. 



4 

5 



14. The circui, of claim 1, wherein said opetab.e range of said impedance 

2 level a, said input .ermina, comprises a range of impedances that exhibit a rerun, ioss of a, 

3 least lOdB with a nominal impedance level. 



15- The eireuit of claim 1, wherein the radio frequency signals to be 
2 attenuated have a frequency of at least 100MHz. 



1 

2 



16- An attenuator circuit for attenuating radio frequency signals, comprising: 
an input terminal; 
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3 an output terminal; and 

a plurality of attenuation stages serially connected between said input terminal 

5 and said output terminal, each of said plural attenuation stages comprising: 

6 a transmission line connected serially between said input terminal and said 

7 output terminal and having a transmission impedance; 

8 a first variable shunt element having a leg connected at a point between said 

9 transmission line and said input terminal, said first variable shunt element having a variable 

10 shunt impedance; 

1 1 a second variable shun, element having a leg connected a. a point between said 

12 transmission line and said outpnt termina,, said second variable shun, element having a variable 

13 shunt impedance; and 

a control signal terminal connected to each of said first and second variable 
>5 shun, elements such that an attennation leve, of said each of said plura, attenuation stages is 
16 controllable by a control signal input t0 said conlrol sigM| ^ ^ 
'7 impedance and said variable shun, .mpedances being selecteo such that an impedance level at 
1 8 said input terminal is maintained in an operable range for all attenuation levels. 

17- The attenuator circuit of claim 16, wherein said transmission line of each 
2 of said attenuation stages comprises an inductive transmission line and said impedances of said 
first and second variable shun, elements of each of said attenuate stages comprises a 



3 

4 capacitance. 
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18. The attenuator circuit of claim 16, wherein said plural attenuator stages 
2 comprise three attenuation stages. 

1 19. The attenuator circuit of claim 18, wherein each of said three attenuation 

2 stages has an attenuation factor different than the others of said three attenuation stages. 

20. The attenuator circuit of claim 16, wherein each of said first and second 
2 variable shunt elements of each of said plural attenuator stages comprises a transistor. 

21 • The attenuation circuit of claim 20, wherein at least one of said first and 

2 second variable shunt elements of each of said plural attenuator stages comprises a plurality of 

3 transistors connected 



in series. 



1 



22. The attenuation circuit of claim 16, wherein each of said plural 

2 attenuation stages is independently selectively operable in one of a fully on state and a fully off 

3 state for effecting various levels of attenuation of said attenuation circuit. 

23. The attenuation circuit of claim 16, wherein an attenuation level of said 

2 each of said plural attenuation stages is controllable by only said control s.gnal input to sa.d 

3 control signal terminal. 

24. The attenuation circuit of claim 16, wherein said operable range of said 

2 impedance level at said input terminal comprises a range of impedances that exhibit a return 

3 loss of at least lOdB with a nominal impedance level. 



20 



By Express Mail U EL895344460US 



25. The circuit of claim 16, wherein the radio frequency signals to be 
2 attenuated have a frequency of at least 100MHz. 



1 

2 
3 



26. A switch circuit for switching radio frequency signals, comprising: 
an input terminal; 



8 



a first output terminal; 

a first switch connect be>wee„ said input ,ermi„ al and said fol ou[pu , 
5 terminal, said first switch comprising: 

a first transmission line having a firs, transmission impedance and connected 
I serially between said input terminal and said first output terminal; 

a first variable shunt element having a leg connected a, a point befween said first 
9 transmission line and said inpn, said firs[ variab|e shu „, ^ ^ ^ ^ 

10 impedance; 

a second v a r iaW e shun, elemen. h a vi„g , , e g connected a, a point belwen sajd 
n first ,r a „ S miss,on line and said firs, output termina,, said second variable shunt elemen, h a vi„g 
13 a variable impedance; 

a second , ra „ smissjon line navi „ g , ^ ^ ^ 
' 5 arranged between said firs, variable shunl e|emem a „ d ^ jnpui ^ ^ 

a contro! signal terminal co„„ecte d to each of said firs, a „ d sec „„ d variable 
n shun, e.eme„,s, wherein an a „enua,io„ leve, of sa id firs, switch » c„„,r„„ a b,e b y a con.ro, 
» inpu, ,„ , control signal ,ern,i„ al of said firs, swhch and where,,, said firs, a „d second 
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19 transmission impedances and sajd vafjable impedMces Qf sajd a ^ ^ ^ 

20 dements are selected S o tha, an impedance ,eve, of S a,d firs, switch a, said inpu, term i nal is 

2 1 maintained in an operable range for all attention scares of said firs, switch. 

27. The switch circuit of Calm 26, wherein said firs, and second 

2 transmission lines of said firs, swi.ch comprise inducive Emission fines and each of said 

3 impedance of said firs, and second variah,e shun, e,eme„, s comprises a capacitance. 

28. The a, t enua,or circuit of claim 26, wheteiu each of said firs, and second 

2 variable shunt elements of said firs, switch comprises a transistor. 

29. Tfie attenuation circuit of claim 26, wherein a, least one of said firs, and 

3 connected in series. 



i 



30. The attenuation circuit of claim 26, wherein said firs, switch is 

2 independent selective,, operabie in one of a fit,, „„ staIe in whjch sajd sjg „ ^ 

3 attenuated and a fully off state in which said signal is mlly attenuated. 

31. The switch circuit of claim 26, further comprising , second 0UIpul 

3 terminal , said second switch comprising: 

a third transmission line having a third transmission impedance 



5 serially between said input terminal and said second 
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6 a third variable shun, element having a (eg connected a, a point between said 

7 third transmission line and said inpn, terminal , said third varjab|e ^ ^ ^ ^ 

8 variable impedance; 

9 a fourth variable shun, element having a leg conr.ec.ed a, a point between said 
.0 third transmission line and said second output ternrina,, said fourth variable shunt elenten, 
1 1 having a variable impedance; 

a fonrth transmission line having a fourth transmission line rmpedance and 
•3 arranged between said third variabie shunt element and said input terminal; and 

a con.ro! signal terminal conneaed ,o each of said .bird and fourth variable 
>5 shun, e,eme„,s, wherein an a..e„u,i„„ ,eve, of said second swi.ch is c„„, roll ab,e by a control 

17 fourth emission „„ e impedances and said ^ ^ ^ ^ ^ ^ ^ 

' « shun, e,eme„,s are se.ec.ed so ma. an .mpedance level of said second S wi,ch a, said ou.pu, 
'9 terminal is maintained in an operable range for all attenuation states of said second swhch. 

32. The switch circuit of claim 26, wherein said operable range of said 
2 impedance ,eve, of said firs, switch a, said input termina, comprises a range of impedances tba, 



3 exhibit a return loss of at least lOdB with 



a nominal impedance level. 



33. The 



crcuit of claim 26, wherein the radio frequency signals have 
2 frequency of at least 100MHz. 
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ABSTRACT 

An attenuator for radio frequency applications includes variable shunt elements 
and series transmission elements. The impedances of the variable shunt elements and the 
series transmission elements are selected so that the impedance of the attenuator at the input 
terminal remains at a nominal value for all attenuation levels, thereby producing low loss at 
5 high frequencies. The use of the attenuator as a switch yields a non-reflective switch at radio 
frequencies. 



